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Abstract Fundamental uncertainties exist in the study re-
gion about the former lowland vegetation at local scales.
All existing palaeoecological results are derived from sed-
iments of medium- to large-sized sites (8–5000 ha), which
are thought to record mainly regional vegetation in their
pollen content. Therefore the very small mire at Balladrum
(0.05 ha) was analysed for pollen, plant-macrofossils, and
charcoal and the results compared with those of previous
studies in the same region. Common regional signals were
detected, but also new insights for the tree species Pinus
cembra (L.), Abies alba (Mill.) and Castanea sativa (Mill.).
Our palaeobotanical data reveal the local dominance of
the timberline species P. cembra during the Lateglacial
(16500–14250 cal b.p.) at low-altitudes. For A. alba an
early presence in the area is suggested by pollen data,
corroborating previous high-altitudinal studies indicating
the presence of glacial refugia in the region. Occasional
findings of C. sativa pollen throughout the Holocene may
indicate the local but very rare presence of this species in
the Insubrian Southern Alps, in contrast to the conventional
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opinion that C. sativa was introduced during the Roman Pe-
riod. Altogether the results confirm the need of multiproxy
palaeobotanical records from basins of variable size to as-
sess the past composition of vegetation more accurately.
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Introduction
For understanding the dynamics of the present vegetation it
is important to know the vegetation history as precisely as
possible. In particular, vegetation-history information may
help to assess the natural potential vegetation (e.g., Tinner
et al. 1999). In areas where severe cultural disturbance
changed the natural species composition, this is essen-
tial for forest management (DIONEA SA unpubl.; Frehner
et al. 2005). In this regard, palaeobotanical investigations
represent a very useful tool for reconstructing past species
composition and for measuring the anthropogenic influence
on ecosystems. Unfortunately, in the Insubrian Southern
Alps fundamental uncertainties exist about the former low-
land vegetation at local scales. All existing modern palaeoe-
cological results are derived from sediments of medium to
large-sized sites (8–5000 ha). They reflect mainly regional
vegetation within a radius of several hundred meters to
kilometres around the sites. More local pollen signals can
only be detected by investigations at small-scale sites (Ja-
cobson and Bradshaw 1981; Sugita 1994; Calcote 1995;
Lynch 1996; Brostro¨m et al. 1998; Jackson and Kearsley
1998; Sugita et al. 1999; Parshall and Calcote 2001).
In this paper we report for the first time the results of
a palaeoecological investigation on a small-scale lowland
site (<0.1 ha) in the Insubrian Southern Alps providing a
complete Holocene and Lateglacial biostratigraphy. To im-
prove spatial resolution analyses of pollen and microscopic
charcoal were combined with plant macrofossils (Birks
and Birks 2000; Birks 2003) and macroscopic charcoal
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Fig. 1 Map of southern Switzerland, showing the location of the
study site Balladrum at the northern border of Lago Maggiore
(Clark 1995; Whitlock and Larsen 2001). The main aims
of the presented investigation were (1) to reconstruct local
vegetation and fire history for a small-scale site in the In-
subrian lowlands and (2) to discuss potential differences
between this and previous studies in the region.
Study area and study site
The area of interest is located in the central part of the In-
subrian southern Alps (Fig. 1), between Lago Maggiore and
Lago di Como. This region has a special vegetation history
in Europe. The lowlands were once covered by species-
rich mixed forests. Abies alba was important and many
deciduous trees were present, such as Tilia, Ulmus, Frax-
inus, Quercus, and Acer. Starting in the Neolithic, these
forests were strongly disturbed and landscape was opened.
At the beginning of the Roman Times the idea of sys-
tematically cultivating chestnut was promoted and there-
fore Castanea sativa favoured (Conedera et al. 2004a).
Recently the Insubrian region has been subject to signif-
icant ecological changes. Evergreen broad-leaved species
are expanding, probably in response to increasing winter
temperatures (Walther et al. 2002) and decreasing land-use
intensity (Kloetzli et al. 1996; Carraro et al. 1999; Conedera
et al. 1999). For several millennia people altered the forest
composition, with fire as the most important tool (Tinner
et al. 1999). In this way important forest elements such as
Abies alba were excluded. Therefore it has been hypoth-
esised that unoccupied ecological niches were generated,
favouring the invasion of evergreen species (Gianoni et al.
1988; Grund et al. 2004). In addition, abandoned chestnut
groves began to be invaded by other thermophilous de-
ciduous tree species, due to the end of active cultivation
(Conedera et al. 2000, 2001, 2004b).
The studied mire (390 m a.s.l., 8◦ 45′ E and 46◦ 1′
N, Fig. 2) is situated in southern Switzerland (Fig. 1)
0.5 km north of Lago Maggiore at the foot of a hill called
Balladrum (483 m a.s.l.). The present surface area is
500 m2, overgrown by Carex acutiformis. The hummocky
landscape around it was formed by the Ticino glacier
Fig. 2 Picture of the mire at Balladrum, taken from its center in
eastern direction. Surface area is 0.05 ha (ca. 10 m × 50 m) and
overgrown by Carex acutiformis. Carex gracilis and C. rostrata are
present in small quantities. Trees next to the mire are ca. 20 m high
and the vegetation is dominated by Quercus robur and Q. robur ×
Q. petraea, while Castanea sativa and Tilia cordata are scattered.
Alnus glutinosa and Frangula alnus are locally dominant around the
mire. One side of the mire is limited by a steep rocky slope (on the
right), the other by a hummock. One of the few relictic Abies alba
lowland stands of the Southern Alps is growing at 500 m distance.
Photo: W.O. van der Knaap
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(Hantke 1983). It includes stony slopes and many small
wetlands in between the roches moutonne´es and drumlins.
The catchment is principally formed by metamorphic
rocks (Ehrensberger 1984; Labhart 1995). Summers are
very humid, winters relatively dry and warm. At the
northern border of Lago Maggiore winter is extremely
mild (January mean temperatures 1980–1995 were
2.5 ◦C; Maggini and Spinedi 1996), this special climate
type is called “hyperinsubric” (Steiger 1994). Already
Zoller (1960) stated that such favourable conditions are
only found again south of the Po Plain. The vegetation
around the study site is dominated by Castanea sativa.
Common in the open forests is Cistus salvifolius, an ever-
green shrub typical for the Mediterranean region. One of
the very rare surviving lowland stands of Abies alba grows
on quite acid soils 500 m distant, associated with Castanea
sativa, Fraxinus excelsior, Tilia cordata, Trachycarpus
fortunei, Corylus avellana, and Hedera helix.
Material and methods
Coring, sediments and dating
The sediment was taken with a Streif modified Livingstone
piston corer (Merkt and Streif 1970). Two parallel cores
were recovered 50 cm apart. Core 1 (BAL1) is 227 cm long,
core 2 (BAL2) 193 cm. The sediment of BAL1 was watery
from 145 cm upwards, and therefore only the lower part of
this core was analysed. Terrestrial plant-macrofossils were
dated with Accelerator Mass Spectrometry (AMS) at the
Poznan Radiocarbon Laboratory (Poland), two from BAL1
and six from BAL2. The14C dates were calibrated by the
program CALIB 4.3 (Stuiver and Reimer 1998).
Analysis of pollen, plant-macrofossils and charcoal
Standard techniques including treatment with HCL, KOH,
HF, and acetolysis (Moore et al. 1991) were used for prepa-
ration of sediment samples of 1 cm3 volume. Lycopodium
tablets were added for calculation of pollen concentrations
(Stockmarr 1971). The prepared samples were stored in
fluid glycerine. For each sample minimal 600 terrestrial
pollen grains were counted and identified with use of the
reference collection of the Institute of Plant Sciences at
the University of Bern and pollen keys and atlases (Moore
et al. 1991; Reille 1992; Beug 2004). TILIA and TILIA-
GRAPH programs (Grimm 1992) were used to construct
the diagrams. To determine local pollen assemblages zones
(LPAZ) numerical zonation was carried out by optimal sum
of squares partition (Birks and Gordon 1985). The num-
ber of statistically significant splits was determined with
the broken-stick model (Bennett 1996). Statistically non-
significant local pollen assemblage subzones were added.
Plant-macrofossils were analysed according to standard
procedures (Birks 2001). In both cores a sediment volume
of 22 cm3 was taken at 4-cm intervals. The sediment was
washed with water through a sieve with 0.2 mm mesh. The
residue after sieving was frozen in distilled water for preser-
vation. The examination was carried out with the help of a
seed collection of the Institute of Plant Sciences at the Uni-
versity of Bern, recent plant material and keys (e.g., Schoch
et al. 1988; Tobolski 1992). Remains of Pinus sylvestris
type could not be identified to species level (Struzkova
2002) due to bad preservation. The concentration-diagrams
were made with TILIA and TILIAGRAPH (Grimm 1992).
For better comparison, the zones determined by pollen anal-
ysis were transferred to the macrofossil diagrams.
Microscopic charcoal particles longer than 10 µm
were counted in the pollen slides. Particle concentrations
(charcoal particles cm−3) were estimated by using the
same approach as for pollen (Tinner and Hu 2003;
Finsinger and Tinner 2005), and influx (charcoal particles
cm−2 yr−1) was then calculated. Charcoal in pollen slides
can be used to reconstruct regional fires (MacDonald et al.
1991; Tinner et al. 1998; Whitlock and Larsen 2001). We
estimated also the area (mm2 22 cm−3) of macroscopic
charcoal particles larger than 200 µm, which are mostly
delivered to the sediment from local sources (Clark et al.
1989; Tinner et al. 1998; Whitlock and Larsen 2001).
Results
Chronology
The14C ages are presented in Table 1. The depth-age model
relies on calibrated ages (cal b.p., Fig. 3) and was built by
linear interpolation of the dates. The calibrated ages of
Table 1 AMS radiocarbon
dates of Balladrum, core 1
(BAL1) and core 2 (BAL2)
Lab code Depth (cm) 14C Age (uncal b.p.) Age (cal b.p.) 2σ range (cal b.p.)
Core 1
Poz–2039 175.5–176.5 11140±60 13142 13369–12893
Poz–2040 199.5–200.5 3100±100 15749 16255–14664
Core 2
Poz–2041 74.5–75.5 2470±35 2613 2734–2356
Poz–6498 105.5–109.5 3215±30 3425 3473–3362
Poz–6500 113.5–117.5 4160±35 4720 4830–4533
Poz–2042 136.5–137.5 3185±35∗ 3387∗ 3470–3349∗
Poz–6501 145.5–149.5 9340±50 10557 10688–10293
Poz–2044 180.5–182.5 11410±80 13416 13799–13052
∗Date regarded as unreliable
and not used in construction of
chronology
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Fig. 3 Depth-Age Model based on calibrated years before present
(cal b.p.) and sediment depth. The unbroken line results from core
BAL2, the broken line at the bottom from core BAL1
BAL1 and BAL2 are shown together in the model. The
analysed part of BAL1 has a short interval of overlap with
BAL2. BAL2 can therefore be considered as an extension
of BAL1. We reject one date from BAL2, because further
analysis of similar fragments proved that it is based on a
root.
Pollen stratigraphy
The pollen stratigraphy of BAL1 is shown in Fig. 4. The
first zone (BAL1-1), which begins at ca. 16500 cal b.p.,
is dominated by herbaceaous taxa such as Poaceae and
Artemisia. Percentages of the tree taxa Betula and Pinus
cembra reach peaks in the middle of the zone, whereas
those of P. sylvestris type increase towards the end of
BAL1-1 (14500 cal b.p.). In the second zone (BAL1-2,
14250–10000 cal b.p.) P. sylvestris type is dominant. The
pollen subzone BAL1-2a (14250–11500 cal b.p.) is defined
by rapidly decreasing P. cembra percentages. In subzone
BAL1-2b (11500–10000 cal b.p.) pollen types of temperate
taxa such as Abies, Corylus, Quercus deciduous, and Ulmus
appear frequently. In BAL2 (Fig. 6) the first zone (BAL2-1)
has its lower limit at ca. 14000 cal b.p. and is characterized
by the dominance of non-arboreal pollen (NAP) together
with Betula and P. sylvestris type. In the subsequent zone
BAL2-2 (11400–7250 cal b.p.) P. sylvestris type is the dom-
inant pollen type. In the subzone BAL2-2b (10600–7250
cal b.p.) Abies and Corylus pollen percentages increase,
whereas values of Betula decrease. Alnus glutinosa type is
dominant in zone BAL2-3 (7250–1600 cal b.p.). In the
older part of this zone (BAL2-3a, 7250–3250 cal b.p.)
mainly Abies and Ulmus percentages begin to decrease.
In the subsequent subzone, BAL2-3b (3250–2600 cal b.p.),
NAP percentages rise and reach a first peak (15%). Finally,
NAP percentages have a second peak (25%) in the last sub-
zone, BAL2-3c (2600–1600 cal b.p.). From zone BAL2-4
(1600–1200 cal b.p.) onwards, Castanea reach values up
to 80%. Only in a part of zone BAL2-5 (1200 cal b.p.-
present) tree pollen percentages (e.g., Castanea and Alnus
glutinosa type) are again less important, whereas NAP per-
centage values reach Lateglacial levels.
Plant-macrofossil stratigraphy
The first zone (BAL1-1, 16500–14250 cal b.p.) of the
macrofossil stratigraphy of BAL1 (Fig. 5) is dominated by
remains of Pinus cembra and Betula. Those of P. sylvestris
type (including P. sylvestris and P. mugo) are missing in
Fig. 4 Pollen-percentage diagram of core 1, BAL1 (selected taxa). Exaggeration × 10. T.= pollen type. F. = Ferns, A. = Aquatics.
LPAZ = local pollen assemblage zones, dashed line = statistically non-significant zone limit. Analyst: W. Tinner
91
Fig. 5 Plant-macrofossil concentrations of core 1, BAL1, findings per 22 cm3 (selected taxa). T. = type, LPAZ = local pollen assemblage
zones, dashed line = statistically non-significant zone limit. Analyst: S. Hofstetter
the lowest sample, appear in the subsequent samples, and
increase around 15000 cal b.p. They reach their highest val-
ues at the beginning of the second zone (BAL1-2, 14000
cal b.p.). From ca. 12000 cal b.p. the overall macrofossil
concentrations decrease, reaching very low values in the
last two samples. In the plant-macrofossil stratigraphy of
BAL2 (Fig. 7) total macrofossil concentration was very low
throughout the record. Nevertheless, an older phase rich in
conifer remains (P. cembra and P. sylvestris type) until the
beginning of BAL2-2b (10600 cal b.p.) can be separated
from a subsequent phase with the predominance of peri-
derm of deciduous arboreal taxa. It’s worth noting that a
needle fragment of Abies alba could be identified at a depth
of 140 cm (ca. 9000 cal b.p.).
Charcoal stratigraphy
The results of the microscopic charcoal stratigraphy of
BAL1 and BAL2 are presented together with the pollen
percentages (Figs. 4 and 6). In BAL1 two charcoal peaks
occur, the older is dated at ca. 14750 cal b.p. and the younger
at ca. 12250 cal b.p. However, the overall microscopic char-
coal influx is low throughout core BAL1. On the contrary,
in BAL2 it is markedly higher, especially during the mid-
dle part of the record. Influx begins to increase at about
3500 cal b.p., reaches a huge peak at around 2500 cal
b.p. and remains high until 1400 cal b.p. Around 2500
cal b.p. macroscopic charcoal particles (Figs. 5 and 7) also
reach high values. However, the overall pattern of macro-
scopic charcoal differs substantially from the microscopic
one. Highest values of macroscopic charcoal concentra-
tions were reached at 12000 cal b.p. in BAL1 and at around
6000 cal b.p. in BAL2.
Discussion
Vegetation history, fire history and human impact
at the study site
Pollen data of BAL1 (Fig. 4) suggest that at 16500 cal b.p.
the landscape was open, with various shrubs and herbs.
However, numerous Pinus cembra needles and Betula
fruits (Fig. 5) indicate that afforestation had already started,
with Swiss stone-pine and birch growing near the site. At
about 16000 cal b.p. P. sylvestris type (P. sylvestris and
P. mugo) appeared and became dominant at ca. 14000 cal
b.p. Subsequently, it formed a forest together with Betula,
whereas P. cembra was not important anymore. The pollen
results from BAL2 show that vegetation during the early
Holocene (Fig. 6) was still dominated by P. sylvestris type.
It only decreased after 10600 cal b.p., when Corylus shrubs
and Abies trees expanded. At that time Ulmus, Quercus, and
Acer were also present. Tilia and Fraxinus became more
important only around 8000 cal b.p., when P. sylvestris type
finally declined and Alnus glutinosa became dominant.
At about the same time the disappearance of aquatic
plant macrofossils (e.g., Potamogeton, Alisma, Characeae,
Figs. 4–7), together with the formation of peat, unambigu-
ously documents the conversion of the former lake into a
mire. The mixed stands of Abies and thermophilous trees
were heavily disturbed at ca. 4000 cal b.p. (2050 b.c.) and
destroyed at 3000 cal b.p. (1050 b.c.). This process was
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Fig. 6 Pollen-percentage
diagram of core 2, BAL2
(selected taxa). Exaggeration ×
10. T. = pollen type. Ant. I. =
Anthropogenic indicators. A. =
Aquatics. LPAZ = local pollen
assemblage zones, dashed line
= statistically non-significant
zone limit. Analysts: S.
Hofstetter, W. Tinner, V.
Valsecchi
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Fig. 7 Plant-macrofossil concentrations of core 2, BAL2, findings per 22 cm3 (selected taxa). T. = type. LPAZ = local pollen assemblage
zones, dashed line = statistically non-significant zone limit. Analyst: S. Hofstetter
accompanied by the expansion of taxa indicative of human
impact (Plantago lanceolata, Cerealia, Rumex acetosella
t.) and disturbance (Pteridium aquilinum, monolete spores,
and Calluna vulgaris). The increase of NAP percentages
indicates that the landscape was rather open (tree pollen
minimum <60%) between 3000 and 1500 cal b.p. (1050
b.c.–a.d. 450). After 1500 cal b.p. (a.d. 450) the sur-
roundings were densely forested by Castanea sativa, with
reduced cover between 1000 and ca. 100 cal b.p. (a.d. 950–
1850).
Low microscopic charcoal influx suggests that regional
forest-fire activity was low during the Lateglacial and early
Holocene. However, some local fires must have occurred,
as indicated by macroscopic charcoal particles (Fig. 5).
A prominent peak in local fire activity was reached at
about 6000 cal b.p. (Fig. 7). The regional relevance of
fire increased for a first time around 5000 cal b.p., and
after 3500 cal b.p. they were wide-spread. It is likely
that they contributed to marked vegetation changes,
such as the disruption of forests (NAP increase) and the
expansion of Pteridium aquilinum (Tinner et al. 1999).
Strong and frequent fires occurred around 2500 cal b.p.,
both at regional and at local scales. Finally, microscopic
and macroscopic charcoal concentrations decreased and
remained low after 1400 cal b.p.
First sporadic pollen of Cerealia, Plantago lanceolata,
and Urtica occur during the Neolithic (5500–2200 b.c.,
Hochuli et al. 1998; Mu¨ller et al. 1999). It is likely, that
human impact started at ca. 7000—5000 cal b.p. (5050–
3050 b.c.). Slightly rising non-arboreal pollen percentages
(e.g. Cichorioideae, Artemisia) and decreasing values of ar-
boreal taxa suggest first weak forest clearances. Increased
local fire presence at around 6000 cal b.p. (4050 b.c.) could
have resulted from early human slash-and-burn activities
next to the study site. During the Bronze Age (2200-800
b.c., Hochuli et al. 1998; Mu¨ller et al. 1999), pollen data
indicate that cultural activities such as pasturing became
regionally more frequent. At the latest about 3000 cal b.p.
(1050 b.c.) the landscape and vegetation became inten-
sively used by people. Human activities further increased
during the Iron Age (800-15 b.c., Hochuli et al. 1998;
Mu¨ller et al. 1999), when huge microscopic charcoal con-
centrations as well as the collapse of many tree taxa indicate
massive forest clearances. When Castanea sativa expanded
after 2000 cal b.p., the original vegetation had definitively
vanished.
The scale problem
Recent studies demonstrate that at small-scale sites a rather
substantial proportion of total pollen is derived from re-
gional sources (e.g., Sugita 1994; Calcote 1995; Jackson
and Kearsley 1998; Parshall and Calcote 2001). Following
these results, the relevant pollen source area of the mire at
Balladrum is about 200–300 m, but only 30–45% of total
pollen should come from within these distances. Never-
theless, small sedimentary basins are able to record local
vegetation patterns, since it is assumed that 30–45% of the
pollen load is sufficient to detect local changes when back-
ground pollen is consistent. It has been demonstrated that
larger basin radii reduce the site-to-site variations of pollen
loading and pollen proportion (Sugita 1994), so medium
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to large basins (radius about 250–750 m) are thought to
record the spatial distribution pattern of vegetation on more
regional scales. Several studies (e.g., Odgaard 1992; Tinner
et al. 1999) found significant correlations between pollen
and microscopic charcoal. On the basis of these correlations
it has been suggested that microscopic charcoal and pollen
might have comparable source areas (Tinner and Hu 2003).
Common features with respect to previous results
Similar vegetation and fire histories were presented
by all currently available medium to large-scale
study sites in the lowlands of the Insubrian region,
for instance at Lago di Ganna, 10 ha (Schneider
and Tobolski 1985), Lago di Origlio, 8 ha (Tin-
ner et al. 1999), Lago di Muzzano, 22 ha (Gobet
et al. 2000), Lago del Segrino, 38 ha (Gobet et al.
2000), Lago di Lugano, 4890 ha (Wick 1989), and Lago
di Annone, 550 ha (Wick Olatunbosi 1996). After the
last ice-age, Pinus sylvestris type and Betula were the
most important taxa during afforestation in the Insubrian
Southern Alps. P. cembra was only important at Lago di
Ganna (Schneider and Tobolski 1985) and Lago di Origlio
(Tinner et al. 1999). Lateglacial forests were then succes-
sively replaced by temperate continental forests and shrub-
lands. In the lowlands of the region Abies alba occurred
at least since about 9400 cal b.p. Fire frequencies were
low during the Lateglacial and early Holocene. During the
Neolithic and Bronze Age A. alba and other arboreal taxa
(e.g. Tilia, Ulmus, Acer, and Fraxinus) declined or disap-
peared completely. Since the fire records are significantly
correlated with several declines of these taxa, it has been
suggested that fire disturbance drove local extinctions of
fire-sensitive taxa (Tinner and Conedera 1995; Tinner et
al. 1999; Tinner et al. 2000). Forest clearances, changes
in species composition, and fire frequencies reached their
regional apex at 2600–2400 cal b.p. (650–450 b.c., i.e. dur-
ing Iron Age). Further alterations happened at about 2000–
1800 cal b.p., when Castanea sativa was favoured for eco-
nomic purposes in the entire area of southern Switzerland
(Conedera et al. 2004a). Pollen- and plant-macrofossil-
inferred vegetation history at Balladrum fits well with these
previous reconstructions from large-scale sites. We can
confirm the prominent role of fire in driving vegetation
changes such as the disappearance of species (e.g. Abies
alba) at a more local scale. Human impact seems somewhat
reduced if compared with previous studies, but this may be
explained by unfavourable local conditions for agriculture.
According to early archaeological investigations, a Celtic
settlement was situated on the top of the hill of Balladrum
(Crivelli 1945). This would explain the rather strong human
signal in our record around 2500 cal b.p. (550 b.c.).
Differences to other sites and their indications
At Balladrum Alnus glutinosa type is represented with
extraordinarily high pollen percentages after 7000 cal
b.p., when the lake was converted into a mire. Conversely,
other temperate taxa such as Ulmus, Tilia, Fraxinus,
Acer or Abies alba seem to be underrepresented. These
differences likely result from the small size of the basin
and the reduced source area of pollen. With the filling-in
of the lake into a mire, species needing wet conditions
and growing next to the basins, such as Alnus glutinosa,
were locally over-represented. However, other special
local signals and surprising deviations from regional
vegetation history cannot be fully explained only by size
differences.
Pinus cembra (L.)
During the full glacial P. cembra forests probably grew
near the southern border of the Alps (Lang 1994). The
early presence of the Swiss stone pine was characteris-
tic for the lateglacial afforestation in the Insubrian South-
ern Alps. It is assumed that the species played a major
role in the modern montane belt (Landolt 2003), 600–
1000 m a.s.l. (e.g. Zoller and Kleiber 1971; Wick Olatun-
bosi 1996). P. cembra forests also occurred at different
sites in the lowlands. Zoller (1960) found a maximum of
9% P. cembra pollen at Lago di Origlio (416 m a.s.l.) in
the Lateglacial. Better-dated modern palynological studies
at the same lake (Tinner et al. 1999) revealed values up to
35%, documenting the importance of P. cembra between
16200 and 14700 cal b.p. At Lago di Ganna (452 m a.s.l.)
P. cembra was important between ca. 16000 and 14000
cal b.p. (Schneider and Tobolski 1985). Pollen results sug-
gest the mixed presence of P. sylvestris and P. cembra,
but macrofossil results document an early period with P.
cembra in which P. sylvestris was absent (Schneider and
Tobolski 1985). However, in this early study the
macrofossil-inferred P. cembra period was not dated by ra-
diocarbon analyses. In the small mire at Balladrum rather
high values of Swiss stone-pine pollen are found shortly af-
ter the beginning of the record (ca. 16500 cal b.p., Fig. 4),
percentage values show a peak of 24% at ca. 15000 cal b.p.
Pollen results would suggest that P. sylvestris t. (including
P. mugo) was growing together with P. cembra during this
early period. However, in good biostratigraphical agree-
ment with the Lago di Ganna results P. cembra was likely
growing in pure stands before 16000 cal b.p. and was more
important than P. sylvestris type until ca. 15000 cal b.p.
(Fig. 5).
Not all lowland sites in the Insubrian region show such a
P. cembra period. For example at Lago di Annone (226 m
a.s.l.) and at Lago del Segrino (374 m a.s.l.) only very
low pollen percentages of Swiss stone-pine were detected
during the entire Lateglacial (Wick Olatunbosi 1996). P.
sylvestris t. was predominant from the beginning of af-
forestation, and it seems that P. cembra was not competitive
there. These differences in afforestation processes have not
been explained heretofore. Since the area is rather small
(the lakes Annone and Segrino are only 30 km distant from
Ganna, Origlio, and Balladrum) and P. cembra has a very
effective dispersal mechanism (Nucifraga caryo-catactes,
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Nutcrackers, up to 15 km per transport flight, Nilsson
1985), migrational effects can be excluded. The spatial
differences might therefore be related to differences in
environmental conditions. Today P. cembra shows ecolog-
ical preferences different from those of P. sylvestris and P.
mugo. To be competitive P. cembra needs cool and conti-
nental conditions, and it is not present in forests with mean
annual air temperatures above about 3.5 ◦C (Ellenberg et al.
1992). With low moisture availability it is less competitive
than P. sylvestris and P. mugo (Landolt 1977). In Siberia the
distribution of P. sibirica, a very close relative of P. cembra
(Gugerli et al. 2001), is related to moisture availability,
with P. sibirica growing on more humid and P. sylvestris
on drier slopes (Walter 1974). The absence or irrelevance
of P. cembra in the calcareous areas of Insubria could be
explainable by lower overall soil-moisture availability.
Similar effects are documented for other species. For
instance, at its northern temperature limit drought-adapted
Quercus pubescens is competitive only in calcareous areas
(Ozenda 1988; Steiger 1994; Ellenberg 1996), where eco-
logical conditions are drier (Reisigl 1996). Additionally,
recent observations (Carraro unpubl.) suggest that, in
contrast to P. mugo, P. cembra is hardly able to grow on
calcareous raw soils. Beside substrate effects, the sites of
southern Switzerland may have benefited from orographic
precipitation effects, as the region around the Lago
Maggiore has higher orographic precipitation com-
pared to adjacent areas of Insubria (Spinedi and Isotta
2004).
Abies alba (Mill.)
After 13500 cal b.p. pollen of A. alba is regularly present in
the sediments of sites situated in the western part of the In-
subrian Alps, possibly suggesting that the species occurred
in this region already during the Lateglacial (Zoller 1964;
Schneider 1978; Wick Olatunbosi 1996). On the basis of
such early pollen findings, Schneider (1978) proposed that
A. alba survived the last stadial at some favoured sites in
the region of Ticino. However, until now the regular pres-
ence of pollen during the Lateglacial was only documented
for high-altitudinal sites (e.g. at Suossa, 1700 m a.s.l.,
ca. 13500 cal b.p., and at Bedrina, 1235 m a.s.l., 12000–
11500 cal b.p.; Zoller 1960; Zoller and Kleiber 1971; Ku¨ttel
1977). It is rather unlikely that these early finds at the high-
altitudinal sites were only caused by long-distance transport
of A. alba pollen during the Lateglacial, since Bedrina was
certainly below treeline since at latest 14000–13500 cal b.p.
(Allerød) and Suossa near treeline during the Allerød or just
above treeline during the Younger Dryas (Welten 1982a,b;
Tobolski and Ammann 2000; Gobet 2004). At all investi-
gated lowland sites, the empirical limit (probably indicat-
ing isolated local stands, see Lang 1994) of Abies seems
delayed: at ca. 10850 cal b.p. at Lago di Ganna (452 m
a.s.l.) and at ca. 10500 cal b.p. at Lago di Origlio (416 m
a.s.l.). The mass expansion (rational limit) occurred later,
at about 9400–9000 cal b.p. (e.g., Schneider and Tobolski
1985; Wick Olatunbosi 1989; Tinner et al. 1999; Gobet et
al. 2000). In our new pollen record of the mire at Balladrum
the empirical limit of A. alba is dated to ca. 13000 cal b.p. in
BAL1 and BAL2 (Figs. 4 and 6), whereas the mass expan-
sion (rational limit) can be set at 10600 cal b.p. in BAL2
(Fig. 6). The empirical limit is therefore dated ca. 3000
years earlier and the rational limit about 1000 years earlier
than at other study sites at comparable altitudes. One possi-
ble reason for this discrepancy might be the favourable local
microhabitat. The species has high moisture requirements
(Ellenberg 1996). It is conceivable that during dry phases
of the Lateglacial and the early Holocene the hummocky
landscape around Balladrum provided microhabitats with
enough moisture supply, especially in troughs such as the
one around the Balladrum mire. This explanation is sus-
tained by the early high-altitudinal findings (e.g., empirical
pollen limit of Abies at Bedrina and Suossa at 13000–12000
cal b.p.), because due to orographic effects it is likely that
moisture availability was less limited with increasing al-
titude. However, due to the low amounts of pollen of A.
alba at all Insubrian sites before ca. 11000 cal b.p., we can-
not completely exclude that these early finds were caused
by long-distance transport from the Apennines or further
south, though this explanation seems rather unlikely for
Balladrum considering that the lowland site was situated in
forested environments since at latest 16000 cal b.p. .
Castanea sativa (Mill.)
Conventionally it is assumed that the sweet chestnut was
introduced into the Insubrian Southern Alps by the Ro-
mans about 2000 years ago (Zoller 1960; Schneider and
Tobolski 1985; Wick Olatunbosi 1996; Tinner et al. 1999;
Gobet et al. 2000). However, Zoller (1960) did not ex-
clude an earlier presence, although isolated findings of
Castanea pollen grains in sediments of pre-Roman times
at Lago di Origlio and Bedrina were attributed to contami-
nation. In fact these early findings could not be confirmed
by subsequent re-analyses at Lago di Origlio and nearby
Lago di Muzzano (Tinner et al. 1999, Gobet et al. 2000).
However, several investigations emphasise that C. sativa
most likely survived the last Ice Age in Italy and probably
even at sheltered sites in northern Italy (Huntley and Birks
1983; Cruise 1990; Emmert-Straubinger 1991; Kelly and
Huntley 1991; Paganelli and Miola 1991; Birks and Line
1993; Kaltenrieder et al. 2004). Some authors therefore
consider the species as a natural component of forests
in northern Italy and neighbouring areas (Mayer 1984;
Paganelli 1996). The mass expansion of Castanea (ra-
tional limit) was synchronous in the Balladrum record
(Fig. 6) and the other sites of the region of southern
Switzerland (approx. 1800–1600 cal b.p.). This is in agree-
ment with the conventional opinion that sweet chestnut
has been systematically cultivated in the area since Roman
times (Conedera et al. 2004a). However, in contrast to all
modern studies from the region, in the Balladrum record
Castanea pollen grains are found sporadically through-
out the Holocene since about 9000 cal b.p., i.e., before
the first occurrence of anthropogenic indicators. Since the
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investigated mire is very small and even today under an
almost closed canopy (Fig. 2), it is rather unlikely that the
recovered grains could have resulted from distant sources.
Although the small pollen grains of the sweet chestnut can
be transported for long distances (Peeters and Zoller 1988),
it is more likely that the grains originated from local trees
in the case that downward pollen contamination is not a
factor. In fact, we cannot exclude small down-core pollen
movements in our compacted stratigraphy. Nevertheless,
small-scale sites such as Balladrum can record local singu-
larities of vegetation and are thus ideal to detect the pres-
ence of rare individuals. It is conceivable that single and
rare Castanea-trees could have grown around Balladrum
and that their pollen was caught in the small-scale basin. In
agreement, Krebs et al. (2004) hypothesised that in south-
ern Europe scattered favourable microsites existed for C.
sativa, even in macro-areas generally thought to be unsuit-
able.
If sweet chestnut was present in the Insubrian South-
ern Alps during the pre-Roman Holocene, it did not have
any stand-forming capacity. This would explain why at
large-scale sites its pollen signal was not recorded. Natural
C. sativa stands effectively occurred in southern Europe
and the Caucasus, and their pollen imprint reached higher
and uninterrupted values (Krebs et al. 2004). Since we
cannot exclude contamination, further studies from small-
scale sites are needed to prove the presence of C. sativa
throughout the Holocene. Anthracological studies may be
especially helpful to address this question, since they can
unambiguously prove the former presence of tree species
(Berli et al. 1994).
The advantage of considering varying basin sizes
Our comparison shows that the vegetation history of the
small-scale mire at Balladrum partly differs substantially
from one at large-scale study-sites in the Insubrian region,
which recorded more homogenous vegetation histories.
This difference is probably a result of different sizes of the
sites and thereby the different varying pollen-source areas
(e.g., Jacobson and Bradshaw 1981; Sugita 1994; Calcote
1995; Lynch 1996; Jackson and Kearsley 1998; Parshall
and Calcote 2001). Our new study corroborates previous
studies suggesting that only by investigating small-scale
sites is it possible to detect rare species or species pro-
ducing little or poorly dispersed pollen (e.g., Jackson and
Kearsley 1998). Conversely, medium-sized and large sites
can integrate different vegetation patches and therefore be
used to detect large-scale patterns such as, e.g., vegetation
dynamics in response to climatic change. In this sense,
considering small sites alone could lead to many noisy and
patchy local patterns that would be difficult to interpret.
However, our study shows that an approach comparing
sites of varying sizes can improve the reconstruction of
vegetation history, especially if macrofossil analysis is
included to further increase spatial resolution.
The natural potential vegetation
Natural plant communities are hardly recognizable any-
more in the Insubrian southern Alps (Ozenda 1988; Hegg
et al. 1993; Steiger 1994). Tinner et al. (1999) proposed
that the natural vegetation of the Insubrian lowlands would
be characterized by mixed forests of Abies alba and the
deciduous trees Tilia (T. cordata, T. platyphyllos), Quercus
(Q. petraea, Q. pubescens), Alnus glutinosa, Fagus sylvat-
ica, Fraxinus excelsior, and Ulmus sp. Evergreen broad-
leaved and submediterranean species would regularly oc-
cur in these forests. We suggest that in the region around
the investigated mire the same species would be impor-
tant if human impact would decrease or cease. With our
new results, we corroborate the suggestion of Tinner et al.
(1999) that also Castanea sativa would be present as single
trees or small tree stands. However, the frequency of the
different tree species would vary according to local envi-
ronmental conditions. Due to the particular setting of the
topography at Balladrum (steep stony slopes), Abies alba
would be locally less important than at sites elsewhere in
the Insubrian southern Alps. Similarly, other trees, such as
Tilia, Quercus, Fraxinus, Ulmus, Fagus, and Acer, would be
less frequent. In return, due to the frequent small wetlands,
Alnus glutinosa would be more wide-spread. As climatic
conditions around the investigated mire are extremely mild,
probably laurophyllous species, such as Laurus nobilis,
Prunus laurocerasus, and Trachycarpus fortunei, would be
favoured.
Conclusions
The investigated small-scale mire records patterns that
differ from those of nearby but considerably larger sites.
This finding can be explained by adopting well-established
models, showing that the pollen source area depends on the
basin size of the studied site. We therefore confirm that the
spatial resolution of the palaeo-record can be significantly
improved by considering small-scale sites and also by
investigating macrofossil records. Despite interesting dif-
ferences for important taxa, we confirm the general traits
of regional vegetation and fire history as reconstructed by
previous pollen, macrofossil, and charcoal studies from
medium to large-scale sites. This implies that in the Insub-
rian region similar long-term vegetation dynamics occurred
at different scales, from regionally (e.g., Lago di Lugano,
with several kilometres of pollen catchment) to locally
(Balladrum, with several decametres of pollen catchment).
As documented by this study the most important factors
that triggered vegetation changes during the Holocene were
fire and human impact. Finally we show that the previously
elaborated concepts to assess the natural potential vegeta-
tion (Tinner et al. 1999) can be transferred to small scales,
if local environmental conditions are taken into account.
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